
MTP- P&VE-M- 63- 1) 

’, l i  

G€ORG€ 
I 

BY . 
w 4 Engineering Materials Branch 

OTS PRICE / 
XEROX 

I 

MSFC - Form 523 (Rev. November 1960) 



GEORGE C .  MARSHALL SPACE FLIGHT CENTER 

1962 PUBLICATIONS 

BY 

Engineering Mater ia ls  Branch 

ABSTRACT 

"1962 Publ icat ions"  i s  a compilation of  o f f i c i a l  a b s t r a c t s  of  
r e p o r t s ,  w r i t t e n  by personnel o f  the Engineering Materials Branch, 
r e l eased  during 1962. 

These r e p o r t s  may b e  requested, by t h e  designated r e p o r t  number, 
from t h e  MSFC Lib ra ry  a t  the following address: 

George C .  Marshall Space F l i g h t  Center 
Hun t sv i l l e ,  Alabama 
A t  t e n t  ion : M-MS- I€'& 



GEORGE C. MARSHALL SPACE FLlJHT CENTER 

MTP- P&VE-M- 63- 1 

1962 PUBLICATIONS 

BY 

Engineering Materials Branch 

ENGINEERING MATERfALS BRANCH 
PROPULSION AND VEHICLE ENGINEERING DIVISION 



TABLE OF CONTENTS 

Page 

S U M M A R Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

MARSHALL TECHNICAL PAPERS 

1961 Publications . . . . . . . . . . . . . . . . . . . . . . .  2 

Vacuum Lubrication . . . . . . . . . . . . . . . . . . . . . .  2 

Corrosion Summary of the H-1 Engine 
After the Sea Immersion Test Program . . . . . . . . . . . . .  2 

An Apparatus for the Measurement of 
the Total Normal Emittance of Surfaces 
at Low Temperatures . . . . . . . . . . . . . . . . . . . . . .  3 

Studies on the Reliability of 
Particulate Contamination Analyses . . . . . . . . . . . . . .  3 

Aging of Installed Rubber and Plastic 
Gaskets in Simulated Flight Hardware . . . . . . . . . . . . .  4 

A Study of the Outgassing and Evaporation 
Products of Some Materials Upon Exposure 
to Reduced Pressure . . . . . . . . . . . . . . . . . . . . . .  5 

Evaluation of S perry U1 tr asonic 
Particle Counter . . . . . . . . . . . . . . . . . . . . . . .  6 

Computer Program for Reduction 
of Neutron Activation Foil Data . . . . . . . . . . . . . . . .  6 

Critique on Available Nuclear 
Radiation Effects Data . . . . . . . . . . . . . . . . . . . .  6 

Calibration of Diatron-20 Residual Gas 
Analyzer for Use in High Vacuum Systems . . . . . . . . . . . .  7 

Combined Environmental Effects 
on Nuclear Rocket Materials . . . . . . . . . . . . . . . . . .  8 

Reactivity of Titanium with Oxygen . . . . . . . . . . . . . .  8 

iii 



bevelopment of a Highly Ref l ec t ive  
Unfired Ceramic Thermal I n s u l a t i o n  . . . . . . . . . . . . . .  9 

A Radiant Heat Source i n  a Simulated 
Al t i tude  Environment . . . . . . . . . . . . . . . . . . . . .  9 

Evaluation of Welded 2219-T87 
AluminumAlloy . . . . . . . . . . . . . . . . . . . . . . . .  10 

E l e c t r i c a l  Contacts i n  Vacuum 
(A) Brushes: S t a t u s  Report No. 2 . . . . . . . . . . . . . . .  10 

INTERNAL NOTES 

Cr i t ique  on Avai lable  Nuclear 
Radiation E f f e c t s  Data . . . . . . . . . . . . . . . . . . . .  12 

Weldabi l i ty  S tudies  of 5456-H343 
and 2219-T87 Aluminum Alloy P l a t e s  . . . . . . . . . . . . . .  1 2  

Low Temperature Mechanical P rope r t i e s  
of X-2020-T6 and 2219-T6 Aluminum 
Sheet Alloys . . . . . . . . . . . . . . . . . . . . . . . . .  12 

Low Temperature Mechanical P rope r t i e s  
of A-286 Alloy and I t s  Weldments . . . . . . . . . . . . . . .  13 

Low Temperature Mechanical Proper t ies  
of Inconel X and I t s  Weldments . . . . . . . . . . . . . . . .  13 

Low Temperature Mechanical P rope r t i e s  
of Rene' 41 Alloy and I ts  Weldments . . . . . . . . . . . . . .  14 

Inves t iga t ion  of t he  Corrosion 
of Aluminum Flanges Associated With 
Allpax No. 500 Gasket Material . . . . . . . . . . . . . . . .  14 

Low Temperature Mechanical P rope r t i e s  
of K-Monel Alloy and I ts  Weldments . . . . . . . . . . . . . .  14 

Mechanical P rope r t i e s  of 2219-T87 Alloy 
P l a t e  a t  Room and Cryogenic Temperatures . . . . . . . . . . .  15 

Low Temperature Mechanical P rope r t i e s  
of Magnesium-Lithium Alloys LA 91 and LA 141 . . . . . . . . .  15 

Proper t ies  of 5456-H343 Aluminum Alloy . . . . . . . . . . . .  16 
Short-Time, Elevated Temperature Mechanical 

i v  



Study of Se lec ted  Factors  Inf luencing 
t h e  Performance of I n t e r n a l  Destruct  
Systems Using Primacord . . . . . . . . . . . . . . . . . . . .  16 

Freezing of Liquids  on Sudden 
Exposure t o  Vacuum . . . . . . . . . . . . . . . . . . . . . .  1 7  

The E f f e c t s  of Roll-Reduction and 
S t r e t c h i n g  on the Xechanical Proper t ies  
of Aluminum Alloy 2219 . . . . . . . . . . . . . . . . . . . .  17 

V 



GEORGE C. MARSHALL SPACE FLIGHT CENTER 
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1962 PUBLICATIONS 

BY 

Engineering Materials Branch 

SUMMARY 

This r e p o r t  l i s ts  and summarizes t h e  Marshal l  Technical Papers 
and I n t e r n a l  Notes w r i t t e n  by personnel of t h e  Engineering Materials 
Branch, Propulsion and Vehicle  Engineering Divis ion,  George C . Marshal l  
Space F l i g h t  Center,  National Aeronautics and Space Administration 
during 1962. 

The mission of t h e  Engineering Materials Branch i s  t o  conduct 
r e sea rch  and development i n  t h e  f i e l d s  of chemistry,  metal lurgy,  
chemical engineering, physics,  and o t h e r  technologies  r e l a t e d  t o  
materials i n  r e sea rch  and engineering. These i n v e s t i g a t i o n s  are 
conducted i n  support  of t h e  launch v e h i c l e  programs of  the George C .  
Marshal l  Space F l i g h t  Center.  
t e c h n i c a l  r e p o r t s  w r i t t e n  by personnel of t h e  Engineering Material 

This r e p o r t  l i s t s  and summarizes t h e  

Branch during 1962. &z2LL 
Requests f o r  a d d i t i o n a l  copies of t h e s e  r e p o r t s  designated by 

t h e  r e p o r t  number should be addressed t o :  

George C .  Marshall Space F l i g h t  Center 
Hunt s v i l  1 e, A1 abama 
A t  t en t ion : M-MS- IPL 
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MARSHALL TECHNICAL PAPERS 

January 25, 1962 1961 PUBLICATIONS MTP-P&VE-M-62-1 

Engineering Mate r i a l s  Branch 

Unclass i f ied ,  2 5  pages 

This  r epor t  l ists  and summarizes the  Marshall  Technical Papers, 
I n t e r n a l  Notes, and a s p e c i a l  Marshall  Progress  Report w r i t t e n  by 
personnel  of t he  Engineering Materials Branch, Propuls ion and Vehicle 
Engineering Division, George C. Marshall  Space F l i g h t  Center ,  Nat ional  
Aeronautics and Space Adminis t ra t ion during 1961. 

January 25, 1962 VACUUM LUBRICATION MTP-P&VE-M-62 -2 

K. E. Demorest 

Unclass i f ied ,  25 pages, 1 t a b l e ,  10 f i g u r e s  

The problem of l u b r i c a t i o n  of guidance, c o n t r o l ,  and instrument- 
type bearings i n  space i s  under comprehensive s tudy.  
desc r ibes  the apparatus  used i n  the  s tudy,  t h e  environment i n  which 
eva lua t ions  of inorganic  dry f i l m  l u b r i c a n t s  a r e  being made, and a 
mathematical model designed t o  desc r ibe  the  f a i l u r e  mode observed i n  
a c t u a l  t e s t i n g .  
t he  s t a t u s  of cu r ren t  work i s  discussed i n  d e t a i l .  It i s  noted t h a t ,  
al though the  problem i s  not  solved,  s o l u t i o n  can be expected i n  a 
reasonable  period of time. 

This r e p o r t  

The method of t o t a l  problem s o l u t i o n  i s  descr ibed ,  and 

February 14, 1962 CORROSION SUMMARY OF THE H - 1  M"P-P&VE-M-62-3 
ENGINE AFTER THE SEA IMMERSION 

TEST PROGRAM 

R. H. Higgins 

Unclass i f ied ,  26 pages, 1 t a b l e ,  5 f i g u r e s  I 
Sea water immersion t e s t s  were conducted on a Rocketdyne H-1 engine 

i n  order  t o  eva lua te  the  cor ros ive  e f f e c t s  of sea-water recovery on t h e  
engine and to de f ine  the procedures necessary t o  r e s t o r e  the  engine f o r  
f l i g h t  se rv ice .  
engine was immersed i n  sea water f o r  given per iods  of time, followed by 
var ious  post t reatments  designed t o  minimize the  co r ros ive  e f f e c t  of sea 
water .  The engine was then disassembled, evaluated f o r  co r ros ion  damage, 

This program involved a series of tests i n  which the  H-1 
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These tests showed that the sea water caused varying degrees of 
corrosion on some engine components. This corrosion was minimized to 
some extent by post-recovery treatments. This included immediate 
flushing of external surfaces and internal systems with fresh water 
and a corrosion preventative, water-displacing type of oil. 
disassembly and extensive cleaning of all components were required prior 
to reuse of the engine. A few of the components were replaced, either 
due to excessive corrosion or as a matter of caution. 

Complete 

Although the nature of this engine limits the protective measures 
possible for this type of environment, several modifications to the 
engine would enhance its resistance to sea-water corrosion, Also, 
further studies would be conducted for the development of more satis- 
factory post-recovery procedures, if this method of recovery is to be 
pursued. 

February 23, 1962 AN APPARATUS FOR THE MEASUREMENT MTP-P&VE-M-62 -4 
OF THE TOTAL NORMAL EMITTANCE 

OF SURFACES AT L O W  TEMPERATURES 

G. A. Zerlaut 

Unclassified, 29 pages, 2 tables, 9 figures 

This report discusses the theory, design and test results achieved 
with a device that measures total normal emittance of surfaces at 
temperatures in the 0-100°C range. The black body, and sample, used in 
the device are housed in a vacuum chamber (1.6 X 10-4 Torr.). Attached 
to the vacuum chamber is an evacuated radiometer. For a detector, a 
well-baffled, 28-junction, iron-constantan, radial thermopile was built. 
In use, the total emittance is measured as the ratio of the thermoelec- 
tric EMF generated by the sample to the thermoelectric EMF generated by 
the black body, at the same temperature and pressure. 
output was determined to be 150 microvolts per Btu/ft2-hr at black body 
temperatures of 340% or greater. The device can be modified for measur- 
ing total normal emittance at high temperatures; however, the selectivity 
of the thermopile receiver, plus lack of sufficient energy at low 
temperatures, may preclude the measurement of emittance at cryogenic 
temperatures. 

The thermopile 

March 6, 1962 STUDIES ON THE RELIABILITY MTP-P&VE-M- 62-5 
OF PARTICULATE CONTAMINATION ANALYSES 

J. B. -Gayle and J. 0. Romine 

Unclassified, 31 pages, 4 tables, 4 figures 
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Selected f a c t o r s  i n f luenc ing  the  r e l i a b i l i t y  of r e s u l t s  of pa r t i cu -  
l a t e  contamination analyses have been inves t iga t ed .  
method of purging t h e  sample valves  and the  type of microscope used. 
Also, t h e  inherent v a r i a b i l i t y  of t he  tes t  method and t h e  v a r i a t i o m  
introduced during the  sampling and t e s t i n g  operat ions have been considered. 
E s t i m a t e s  of t h e  standard dev ia t ions  of p a r t i c l e  counts are given f o r  
samples taken from a t y p i c a l  ground service hydraul ic  system. 
with t h e  number of p a r t i c l e s  a c t u a l l y  counted and range from approximately 
30 percen t  f o r  very high counts t o  50 percent f o r  very low counts.  

These inc lude  the  

These vary 

March 5, 1962 AGING OF INSTALLED RUBBER AND PLASTIC MTP-P&VE-M-62-6 
GASKETS I N  SIMULATED FLIGHT HARDWARE 

S. L. Burt,  J. M. Stuckey, L. M. Thompson 

Unclassif ied,  76 pages, 1 7  t a b l e s ,  11 drawings, 4 t e s t  procedures, 10 f i g u r e s  

A study of t h e  combined e f f e c t  of t i m e  and atmospheric condi t ions 
(ambient temperature, humidity, and oxidat ion)  on the  func t iona l  
r e l i a b i l i t y  of s e l e c t e d  gasket  materials w a s  begun i n  Apr i l ,  1959. 

I n i t i a l l y ,  e i g h t  types of rubber, t h r e e  p l a s t i c s ,  and four 
commercial gaskets (metal and rubber O-rings, F l e x i t a l l i c ,  and Allpax) 
were i n s t a l l e d  as s t a t i c  seals i n  conventional f l ange  connectors (bolted 
and Marman types).  
valves  equipped with rubber O-ring seals was included i n  the  study. Each 
type of rubber i s  being t e s t e d  i n  two shapes, namely, O-rings and f l a t  
gaskets .  

Dynamic s e a l i n g  i n  th ree  types of solenoid operated 

P res su r i za t ion  t e s t i n g  of i n s t a l l e d  gaskets  f o r  leakage ra te  
measurements w a s  run semiannually. 

Accelerated ozone aging, a i r  bomb aging, and compression set  tests 
were c a r r i e d  out i n  the  l abora to ry  f o r  determining t h e  re la t ive age 
r e s i s t a n c e  of s eve ra l  types of rubber,  and these  tests provided a means 
of measuring the progress made i n  the  development of improved age 
r e s i s t a n t  stocks.  
acce le ra t ed  laboratory t e s t i n g  t o  f u r t h e r  advance t h e  meager understanding 
of c o r r e l a t i n g  the  r e s u l t s  of t hese  two methods of t e s t i n g .  

Outdoor weathering tests were run p a r a l l e l  with 

Currently,  t h i r t e e n  types of rubber are being t e s t e d .  The i n s t a l l e d  
gasket  program, i n  progress a t  the  Marshall Space F l i g h t  Center,  i s  
dup l i ca t ed  exact ly  a t  Ga inesv i l l e ,  F l o r i d a  under c o n t r a c t  with t h e  
Universi ty  of F lo r ida  (Contract NAS8-1523). 

This r epor t  covers t he  a c t i v i t i e s  during the f i r s t  two and one-half 
years  o f  the aging program. F l e x i t a l l i c  gaskets  i n  aluminum f l anges  
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f a i l e d  the  750 p s i  pressure t es t  a f t e r  s i x  months a t  MSFC (one year  a t  
Ga inesv i l l e ,  F lo r ida )  of i n s t a l l e d  l i f e .  F l e x i t a l l i c  gaskets  i n  s t a i n -  
l e s s  s tee l  f langes f a i l e d  a f t e r  one and one-half years  of i n s t a l l e d  l i f e  
a t  both loca t ions .  Allpax gaskets,  t e s t e d  a t  500 p s i  pressure,  f a i l e d  
the  i n i t i a l  test a t  MSFC and a f t e r  two yea r s  a t  Ga inesv i l l e .  None of 
t he  rubber (commercial o r  domestic) o r  p l a s t i c  gaskets  have f a i l e d  t h e  
p re s su re  t es t  due t o  aging during the t i m e  i n t e r v a l  covered by t h i s  r e p o r t .  

Apr i l  2, 1962 A STUDY OF THE OUTGASSING MTP-P&VE-M-62-7 
AND EVAPORATION PRODUCTS OF SOME 

MATERIALS UPON EXPOSURE TO REDUCED PRESSURE 

S. V. Caruso and W. C, Looney 

Unc las s i f i ed ,  51 pages, 2 t a b l e s ,  26 f i g u r e s  

A technique has been developed which allows i d e n t i f i c a t i o n  and 
d i f f e r e n t i a t i o n  of t h e  outgassing and evaporat ion products r e s u l t i n g  
from t h e  exposure of a material to  reduced pressure.  
approach e n t a i l s  c o l l e c t i o n  of the outgassing and vapor i za t ion  products 
i n  a s p e c i a l  chamber, then examination of t h e  c o l l e c t e d  vapors with a 
mass spectrometer.  Since the  time of c o l l e c t i o n  can be extended 
i n d e f i n i t e l y ,  even materials with extremely low vapor pressures  and/or 
outgassing rates can be  s tudied.  

The experimental 

The outgassing and evaporation products of two pure materials 
(glycer ine and d i b u t y l  ph tha la t e ) ,  two l u b r i c a n t s  (Fluorolube T-45 and 
Rockwell 950), two s o l i d  propel lants  (normal polybutadiene a c r y l i c  a c i d  
and Flexadyne, a modified polybutadiene a c r y l i c  a c i d ) ,  and seven 
elastomers (na tu ra l  rubber,  s i l i c o n e  rubber,  Buna-N, Viton A ,  neoprene, 
b u t y l  rubber,  and Kel-F) were co l l ec t ed  and analyzed. 

A l l  of  t h e  materials invest igated r e l eased  adsorbed moisture;  t h e  
adsorpt ion and subsequent release of o t h e r  atmospheric const i tuen ' ts  
depend upon the  chemical s t r u c t u r e  of t h e  material. The two pure 
compounds, t he  l u b r i c a n t s ,  the so l id  p r o p e l l a n t s ,  and the  n a t u r a l  
rubber endured l o s s e s  i n  weight from both outgassing and evaporat ion;  
the o the r  elastomers examined l o s t  only adsorbed atmospheric 
c o n s t i t u e n t s .  

Evaporation rates, determined by continuous weighing of t he  
sample while exposed t o  reduced pressure,  c o r r e l a t e  with the  r e s u l t s  
obtained from t h e  mass spectrometric examination of t h e  outgassing and 
vapor i za t ion  products.  
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May 8, 1962 

June 14, 1962 CRlTIQUE ON AVAILABLE NUCLEAR MTP- P&VE -M- 62 - 1 0 
RADIATION EFFECTS DATA 

L. K. Z o l l e r  

Unclassif ied,  45 pages, 5 t a b l e s  

L 

EVALUATION OF SPERRY 
ULTRASONIC PARTICLE COUNTER 

MTP-P&VE-M-62-8 

J. B. Gayle and'W. A. Riehl  

Unclassif ied,  32 pages, 3 t a b l e s ,  9 f i g u r e s  

The u l t r a s o n i c  counter has been evaluated t o  determine i t s  s u i t a -  
b i l i t y  f o r  i n l i n e  monitoring of continuously ope ra t ing  hydrau l i c  systems. 
The inves t iga t ion  was c a r r i e d  ou t  by c i r c u l a t i n g  f l u i d ,  r ep resen t ing  
widely varying levels of p a r t i c u l a t e  contamination, through a l abora to ry  
hydrau l i c  sys t em operat ing a t  a pressure of  approximately 50 p s i  and 
temperature of 70°F. Samples were withdrawn from t h e  system a t  frequent  
i n t e r v a l s  for  microscopic a n a l y s i s .  
counts have a s a t i s f a c t o r y  degree of p rec i s ion ,  are unaffected by 
moderate v a r i a t i o n s  i n  flow rates,  and are c l o s e l y  c o r r e l a t e d  with the  
microscopic counts. Therefore, it w a s  concluded t h a t  t he  u l t r a s o n i c  
counter  i s  wel l  s u i t e d  f o r  contamination analyses  f o r  p a r t i c l e  s i z e s  
f a l l i n g  within the range of instrument c a p a b i l i t i e s .  

a 

It w a s  found t h a t  t h e  u l t r a s o n i c  

It should be noted, however, t h a t  s a t i s f a c t o r y  performance w a s  
obtained only a f t e r  some modif icat ion of t he  counter and t h a t  a d d i t i o n a l  
tes ts  are needed t o  eva lua te  i t s  performance a t  e l eva ted  temperatures 
and pressures.  

May 16, 1962 COMmPTER PROGRAM FOR REDUCTION MTP - P&VE -M- 6 2 -9 
O F  NEUTRON ACTIVATION FOIL DATA 

L. K. Zol ler  I 
Unclassif ied,  135 pages, 1 t a b l e ,  2 f i g u r e s  

I n  order t o  provide a r ap id ,  c o n s i s t e n t ,  and accurate  means f o r  
reducing and organizing "raw" f o i l  counting d a t a  from neutron a c t i v a t i o n  
f o i l s ,  a computer program has been w r i t t e n  f o r  u t i l i z a t i o n  on t h e  IBM 
704 and 7090 d i g i t a l  computers. This computer program f e a t u r e s  
f l e x i b i l i t y  t o  provide f o r  nea r ly  a l l  commonly encountered d a t a  
a c q u i s i t i o n  and d a t a  reduct ion techniques.  Fu r the r ,  it i s  designed t o  
provide the maximum information ob ta inab le  from t h e  inpu t  d a t a  i n  the 
event t h a t  a program "stop" i s  encountered. 
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A r ecen t  study of l i t e r a t u r e  p e r t i n e n t  t o  the  nuclear  r a d i a t i o n  
e f f e c t s  on materials w a s  conducted i n  connection with the  r a d i a t i o n  
e f f e c t s  program i n  the  Engineering Materials Branch. This 
survey revealed d e f i c i e n c i e s  i n  data determinat ion and documentation 
which diminished the usefulness  of a p p l i c a t i o n  of t h i s  previous work t o  
the  cu r ren t  program. Frequently omitted are such obvious d e t a i l s  as 
f a c i l i t y  and test  d e s c r i p t i o n ,  sample s p e c i f i c a t i o n s ,  an account of 
techniques used i n  performing the  mechanical tests,  and a complete 

information i s  provided f o r  i n t e r p r e t a t i o n  of mechanical o r  physical  
p r o p e r t i e s ,  o r  changes i n  t h e s e  p rope r t i e s ,  r epor t ed  i n  t e r m s  of  
i n t e g r a t e d  doses.  

descrin++nn --1.. c2f t h e  t e s t  er???ironment. AlS2, a l l  tea  cften,little er -rl LA" 

It i s  axiomatic t h a t ,  although r e l a t i v e  d a t a  may s u f f i c e  f o r  immediate 
needs, completeness i s  tantamount t o  maximum value of  reported da ta .  
To ensure t h a t  reported d a t a  are s u f f i c i e n t l y  complete t o  f a c i l i t a t e  
thorough a n a l y s i s  of the experiment, i t  i s  e s s e n t i a l  t h a t  t he  experi-  
menter determines and de f ines  a l l  of the t e s t  c h a r a c t e r i s t i c s  and 
parameters. This  c r i t i q u e  on r a d i a t i o n  e f f e c t s  d a t a  i s  presented (1) t o  
p o i n t  out  some of t he  d e f i c i e n c i e s  i n  e x i s t i n g  l i t e r a t u r e ,  and (2) t o  
suggest  gu ide l ines  f o r  c l a r i t y ,  completeness, and consis tency i n  f u t u r e  
pub l i ca t ions  i n  an e f f o r t  t o  ensure t h e  maximum b e n e f i t  i s  received 
from t h e  r e s u l t s  of a l l  work done i n  t h i s  f i e l d .  

,June 9, 1962 CALIBRATION OF DIATRON-20 RESIDUAL MTP-P&VE-M-62-11 
GAS ANALYZER FOR USE I N  HIGH 

VACUUM SYSTEMS 

S. V. Caruso 

Unc las s i f i ed ,  26 pages, 4 t a b l e s ,  5 f i g u r e s  

Rapid developments i n  u l t r ah igh  vacuum techniques have brought about 
t h e  need f o r  more accurate  low pressure measuring devices.  I n  the  c u r r e n t  
state of t h e  ar t ,  mass spectrometers are being used t o  i n d i c a t e  r e s i d u a l  
gas pressure and t o  analyze volati le components i n  vacuum systems. How- 
ever ,  s i n c e  conventional sampling and c a l i b r a t i n g  methods are imprac t i ca l  
i n  such systems, problems are encountered i n  ob ta in ing  accu ra t e  c a l i b r a t i o n  
of spectrometers.  

A method f o r  c a l i b r a t i n g  a Diatron mass spectrometer i s  descr ibed i n  
t h i s  r e p o r t .  
s i n g l e  polymer membrane (1/32-inch t h i c k  Teflon). The l eak  s tandard i s  
f i r s t  c a l i b r a t e d  on an a n a l y t i c a l  mass spectrometer (CEC 21-620) i n  
CC(STP-)/sec. f o r  s eve ra l  gases. The apparatus then i s  used t o  determine 
t h e  s e n s i t i v i t y  of a Diatron mass spectrometer (CEC 133562) f o r  t h e  gases. 
This method provides a s i n g l e  leak rate s tandard f o r  va r ious  gases.  The 

The procedure i s  based on t h e  d i f f u s i o n  of gases through a 
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r e p r o d u c i b i l i t y  of r e p l i c a t e  determinations i s  approximately ' 3 percent,  
which i s  within the l i m i t s  of mass spectrometry techniques.  I n  add i t ion ,  
t h e  combination of t h e  l a r g e  membrane su r face  area and mechanism of gas 
d i f f u s i o n  through a polymer e l imina te s  t h e  problem of f requent  plugging 
of microscopic o r i f i c e  types of standards.  
f o r  o the r  gases t h a t  permeate a polymer diaphragm. 

This method a l s o  can be used 

November 6 ,  1962 COMBINED ENVIRONMENTAL EFFECTS MTP- P&VE -M- 62 - 12 
ON NUCLEAR ROCKET MATERIALS 

E.  E .  Dungan 

Unclassif ied,  130 pages 

This  r epor t  i s  a compilation of the sepa ra t e  e f f e c t s  of nuclear  
r a d i a t i o n ,  high vacuum, and cryogenic temperatures on t h e  mechanical 
and physical  p rope r t i e s  of engineering materials. 
a s y n e r g i s t i c  e f f e c t  on material p r o p e r t i e s  as a r e s u l t  of combined 
environmental exposure i s  demonstrated, and the  need f o r  extensive 
experimental i nves t iga t ions  of  t hese  combined environmental e f f e c t s  
i s  emphasized. 
f u t u r e  requirements of advanced nuclear  rocket  systems are discussed. 

The s i g n i f i c a n c e  of 

Current experimental programs are described and 

November 30, 1962 REACTIVITY OF TITANIUM MTP-P&VE-M-62-13 
WITH OXYGEN 

W. A. Rieh l ,  C .  F. Key, J. B. Gayle 

Unclassif ied,  75 pages, 34 t a b l e s ,  36 f i g u r e s  

The r e a c t i v i t y  of t i t an ium with oxygen was s tud ied  by several t e s t  
methods and under a v a r i e t y  of condi t ions a s soc ia t ed  with space veh ic l e s .  

Titanium i s  h igh ly  s e n s i t i v e  t o  impact i n  con tac t  with LOX and t h i s  
method w a s  used t o  study the  e f f e c t s  of su r f ace  t reatments ,  coa t ings ,  
and numerous o the r  f a c t o r s  upon t h e  r e a c t i v i t y .  The comparative reacti-  
v i t i e s  of t i tanium, aluminum, and s t a i n l e s s  s teel  a l l o y s  with oxygen 
were inves t iga t ed  by impact, shock, puncture,  and spark s e n s i t i v i t y  
t e s t i n g .  Punctures r e s u l t i n g  from b u l l e t s ,  d a r t s ,  p ins ,  o r  a r t i f i c i a l  
meteoroids usual ly  caused explosions.  Coatings which reduced t i t an ium 
r e a c t i v i t y  i n  impact o r  shock t e s t s  were not b e n e f i c i a l  under puncture 
cond i t ions .  Aluminum and s t a i n l e s s  s t e e l  f a i l e d  t o  react on impact o r  
puncture. 

The shock s t i m u l i  produced by s m a l l  detonator  caps alone were 
s u f f i c i e n t  t o  i n i t i a t e  explosive r e a c t i o n  of t i t an ium i n  c o n t a c t  with 



9 

oxygen. An extremely heavy shock was necessary t o  cause aluminum t o  
r e a c t  under the  same tes t  conditions,  and s t a i n l e s s  s t ee l  d id  not  react 
under the most d r a s t i c  shock conditions employed. 
combination i s  considerably more s u s c e p t i b l e  t o  spark i n i t i a t i o n  than 
aluminum/oxygen. A comparatively high energy spa rk  w a s  necessary f o r  
r e a c t i o n  of 0.010-inch t h i c k  sheets  of t i t an ium with oxygen. 

The titanium/oxygen 

Under t h e  p a r t i c u l a r  tes t  condi t ions used, t i t an ium was i n s e n s i t i v e  
to reaction with oxygen &en s~bjep_+_p_z! +-e i~ihra+-Fnn, p r p _ ~ ~ ~ r e _  , - T V ~  - J - ---- in0 0 ,  

o r  p r e s s u r i z a t i o n  of thin-walled tanks containing LOX t o  rup tu re .  

December 19, 1962 DEVELOPMENT OF A HIGHLY REFLECTIVE KCP-PSrVE-M-62-14 
W I R E D  CERAMIC THERMAL -INSULATION 

m V. F. S e i t z i n g e r  

Unc la s s i f i ed ,  28 pages, 4 t a b l e s ,  9 f i g u r e s  

A nonflammable, composite, i n s u l a t i o n  material was developed f o r  
p r o t e c t i n g  t h e  base of t he  booster s t a g e  of t h e  Saturn launch veh ic l e .  
The system c o n s i s t s  of an unfired,  h i g h l y  r e f l e c t i v e ,  inorganic  i n s u l a t -  
i ng  coat ing.  The coat ing,  designated as M-31, i s  prepared from f ib rous  
potassium t i t a n a t e ,  asbestos  f i b e r s ,  and c o l l o i d a l  s i l ica .  It has good 
thermal shock and erosioq r e s i s t a n c e  and e x c e l l e n t  moisture 
The material development i s  described, and s e l e c t e d  thermal, o p t i c a l ,  
and mechanical p rope r t i e s  of t h e  coa t ing  .are reported.  

r e s i s t a n c e .  

December 19, 1962 A RADImT HEAT SOURCE I N  A MTP- P&VE -M- 6 2 - 15 
SIMULATED ALTITUDE ENVIRONMENT 

F. Up tag ra f f t ,  H. M. King, W. N. C l o t f e l t e r  

Unc la s s i f i ed ,  20 pages, 9 f igu res  

This r e p o r t  discusses  a r ad ian t  hea t ing  device.  The device has  m e t  
success fu l ly  the  goals  e s t ab l i shed  a t  t h e  i n i t i a t i o n  of t h e  development 
which are l i s t e d  as follows: 

a. Develop r a d i a n t  h e a t  f luxes up t o  100 Btu/Ft.2 sec. 

b. Concurrent with t h e  geheration of t h e s e  h e a t  f l uxes ,  s imulate  
t h e  environments t o  which a launch v e h i c l e  i s  exposed during ground and 
f l i g h t  t e s t i n g .  This is  t o  include v i b r a t i o n  and pressure.  

c. B e  capable of operat ing f o r  times i n  excess of f i v e  minutes. 
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d. Be  f u l l y  instrumented t o  r eco rd  automatical ly  h e a t  f l u x ,  
pressure,  and specimen temperatures. 

The de ta i l ed  development s t e p s  are discussed, and the device 
design i s  described. 

December 19, 1962 EVALUATION OF WELDED 2219-T87 
ALUMINUM ALLOY 

MTP - P&W -M- 6 2- 16 

R. A. Davis 

Unc las s i f i ed ,  30 pages, 3 t a b l e s ,  16 f i g u r e s  

A program t o  determine weld s t r e n g t h  design allowables and o t h e r  
welding information f o r  aluminum a l l o y  2219-T87 i s  r epor t ed  he re in .  
program w a s  conducted i n  support  of t h e  Saturn S-IC. 

This 

Metal arc, i n e r t  gas shielded (MIG) welds and tungsten arc, i n e r t  gas 
sh i e lded  (TIG) welds, were evaluated i n  p l a t e  thicknesses  of 1/4, 1/2,  . 
3/4, and 1 inch f o r  aluminum a l l o y  2219-T87. Welds, by each process and 
i n  each thickness,  were produced i n  t h e  f l a t ,  ver t ical  and h o r i z o n t a l  
welding pos i t i ons .  P l a t e ,  2 inches t h i c k ,  w a s  welded by each process i n  
t h e  f l a t  pos i t i on  only. 

S tud ie s  were conducted t o  determine t h e  e x t e n t  of weld h e a t  a f f e c t e d  
zone i n t o  the base metal. A va lue  of 1-3/8 inches from the c e n t e r l i n e  of 
t h e  weld i s  given as a m a x i m u m  e x t e n t  of h e a t  a f f e c t e d  zone, i f  proper 
j o i n t  design and welding process a r e  employed. 

Ultimate s t r e n g t h  d a t a  of  welds were s t a t i s t i c a l l y  analyzed by 
Students '  * I t "  t e s t ,  assuming the d a t a  conformed t o  a normal d i s t r i b u t i o n .  
Both 95 and 99 percent  confidence levels were determined f o r  TIG welds, 
MIG welds, and the  combined M I G  and TIG welds. 
c o n s i s t e n t  i n  s t r eng th ,  s l i g h t l y  h ighe r  i n  u l t i m a t e  s t r e n g t h  values ,  and 
exh ib i t ed  b e t t e r  weld q u a l i t y  (more sound) than MIG welds. 

TIG welds were more 

December 28, 1962 ELECTRICAL CONTACTS I N  VACUUM MTP - P&VE-M-6 2-1 7 
(A) BRUSHES: STATUS REPORT NO. 2 

J. C. Horton 

Unc las s i f i ed ,  23 pages, 11 f i g u r e s  

This i s  t h e  second r e p o r t  on the  program t o  develop electrical  
brushes f o r  use i n  vacuum. T e s t  r e s u l t s  on hot-pressed molybdenum 
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disulfide/metallic powder brushes under simulated conditions, and i n  
actual use in  a motor, are given. The basic structure and the e lectr ica l  
characteristics of these brushes are discussed in  de ta i l ,  and a theory 
for their conductivity i s  developed. 



I I N ” L  NOTES 

February 19, 1962 CRITIQUE ON AVAILABLE NUCLEAR 
RADIATION EFFECTS DATA 

IN-P&KE-M-62-1 

L. K. Zo l l e r  

Unclassif ied,  40 pages, 5 t a b l e s  

As  a r e s u l t  of a survey of l i t e r a t u r e  p e r t i n e n t  t o  t h e  nuc lea r  
r a d i a t i o n  e f f e c t s  on materials, a number of d e f i c i e n c i e s  i n  t h e  de t e r -  
mination and documentation of d a t a  was noted. Major d e f i c i e n c i e s  are 
de l inea ted  i n  t h i s  r e p o r t  along with exemplary c a l c u l a t i o n s  t o  demon- 
strate t h e  magnitude of e r r o r s  l i k e l y  t o  be  introduced through mis in t e r -  
p r e t a t i o n  of the reported da ta .  This c r i t i q u e  on r a d i a t i o n  e f f e c t s  d a t a  
i s  culminated with recommendations f o r  ob ta in ing  and r epor t ing  d a t a ,  
and the need f o r  a comprehensive e m p i r i c a l / t h e o r e t i c a l ,  in-house 
r a d i a t i o n  e f f e c t s  program t o  supplement and complement experimental 
programs already ou t l ined  by the  Engineering Materials Branch. 

A p r i l  2, 1962 WELDABILITY STUDIES OF 5456-H343 IN-P&VE-M-62-2 
AND 2219-T87 ALlllfINUM ALLOY PLATES 

C. E. Cataldo 

Unclassif ied,  41 pages, 15 t a b l e s ,  13 f i g u r e s  

A test  program t o  compare c e r t a i n  p r o p e r t i e s  of two high s t r e n g t h  
aluminum a l loys ,  5456-H343 and 2219-T87, i s  descr ibed.  Based on t h e  
r e s u l t s  of t h i s  program, i t  w a s  recommended t h a t  a l l o y  2219-T87 be  used 
f o r  t h e  major s t r u c t u r a l  material f o r  t he  Saturn S-IC veh ic l e .  

May 5, 1962 LOW TEMPERATLTRE MECmCAL PROPERTIES IN-P&VE-M-62-3 
OF X-2020-T6 AND 2219-T6 ALUMINUM 

SHEET ALLOYS 

c. v. Lovoy 

Unclaqsified,  16 pages, 4 t a b l e s ,  3 f i g u r e s  

The mechanical p r o p e r t i e s  of X-2020-T6 and 2219-T6 a t  cryogenic 
temperatures were determined i n  order  t o  eva lua te  t h e i r  p o t e n t i a l  
s t r u c t u r a l  appl icat ion.  Primary cons ide ra t ion  w a s  given t o  s h e e t  
materials because of t h e i r  use as space v e h i c l e  s k i n s ,  p re s su re  vessels, 
and cryogenic f l u i d  t r a n s f e r  ducts .  
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May 28, 1962 LOW TEMPERATURE MECHANICAL PROPERTIES IN-P&VE-M-62-4 
OF A-286 ALLOY AND ITS WELDMENTS 

W. R. Morgan 

Unclassified, 21 pages, 4 tables, 5 figures 

The mechanical properties of A-286 alloy sheet in the annealed 
and precipitation or age-hardened condition were determined at 
temperatures from ambient to -423OF. The parent metal in both conditions 
increased in ultimate tensile and yield strength with a decrease ifi 
tenperature over the temperature spectrum of. .80°F to -423OF. The 
percent elongation of the parent metal increased to a maximum at a 
temperature of -32O0F. 
the same as ambient temperature elongation.- The notched/unnotched 
tensile ratios for the parent metal decreased with a decrease in 
temperature. The properties of the age-hardened weldments are compared 
to those of the parent metal and the as-welded butt joints. 
strengths of the three weld conditions tested increased with a decrease 
in temperature, and the tensile strengths of the weldments with post 
weld heat treatment were consistently higher than the as-welded 
specimens of annealed and age-hardened base alloy over the temperature 
range of -80°F to -423OF. 

At -4230F, the percent elongation was approximately 

The tensile 

July 24, 1962 LOW TEMPERATIIRE MECHANICAL PROPERTIES IN-P&VE-M-62-5 
OF INCONEZ X AND ITS WELDMENTS 

c. v. Lovoy 

Unclassified, 20 pages, 6 tables, 6 figures 

The mechanical properties of Inconel X and its weldments were 
determined at temperatures from 80°F to -423'F. The alloy has favorable 
tensile, yield, and toughness values at all temperatures down to -423OF. 
The tensile and yield strengths of its weldments (age-hardened) are 
equivalent to or greater than those obtained from age-hardened parent 
metal. However, caution should be exercised where it is not possible 
to age-harden after welding. 

The relatively low yield strength (48,000 psi at 80°F) practically 
eliminates the use of annealed Inconel X in structural applications 
except in those cases where a high strength/density material is not the 
criterion for material selection. 
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J u l y  24, 1962 LOW TEMPERATURE M E C W C A L  PROPERTIES IN-P&VE-M-62-6 
OF RENE' 41 ALLOY AND ITS WELDMENTS 

P. C. Miller 

Unclassif ied,  19 pages, 6 t a b l e s ,  4 f i g u r e s  

The mechanical p r o p e r t i e s  of Rene' 41 a l l o y  shee t  i n  the annealed 
and age-hardened condi t ions were determined a t  temperatures from ambient 
t o  -423OF. The mechanical p r o p e r t i e s  of  the material i n  both condi t ions 
were n o t  a l t e r e d  s i g n i f i c a n t l y  by r o l l i n g  d i r e c t i o n .  Strength increased 
with decrease i n  temperature, with t h e  age-hardened a l l o y  showing 
s u p e r i o r i t y  f o r  parent  a l l o y  and weldments over t he  temperature spectrum 
of 80°F t o  -423OF. 

Composite weldments of age-hardened Rene' 41 a l l o y  and annealed 321 
a l l o y  were revealed t o  have good mechanical p r o p e r t i e s .  
e f f i c i e n c y  was 90% o r  b e t t e r ,  and a minimum elongat ion of 13% was 
obtained over the temperature range of 80°F to -4230F. 

Weld j o i n t  

August 3, 1962 INVESTIGATION OF THE CORROSION IN-P&VE-M-62-7 
OF ALUMINUM FLANGES ASSOCIATED WIT" 

ALLPAX NO. 500 GASKET MATERIAL 

E. E. Nelson and J. G. Williamson 

Unclassif ied,  13 pages, 4 f i g u r e s  

As a r e s u l t  of co r ros ion  found on aluminum f langes a s soc ia t ed  with 
Allpax gaskets,  tests were i n i t i a t e d  t o  determine t h e  cause of t h i s  
corrosion.  These s t u d i e s  ind ica t ed  t h a t  Allpax No. 500 gasket material 
can cause corrosion on aluminum f langes under humid condi t ions.  
c h a r a c t e r i s t i c s  of  t h e  ma te r i a l  appear t o  be r e spons ib l e  f o r  t h i s  
condi t ion;  t he  a l k a l i n e  na tu re  of t he  material, t he  g raph i t e  coa t ing  used 
f o r  gasket  r e l e a s e ,  and the a b i l i t y  of t h e  material t o  absorb and r e t a i n  
moisture.  Tests i n d i c a t e  t h a t  t h i s  corrosion can be g r e a t l y  reduced o r  
r e t a r d e d  i f  t he  f langes are anodized o r  given a chemical conversion 
coat ing.  

Several  

August 28, 1962 L O W  TEMPERATURE MECHANICAL PROPERTIES IN-P&VE-M-62-8 
OF K-mNEL ALLOY AND ITS WELDMENTS 

W. R. Morgan 

Unclassif ied,  23 pages, 5 t a b l e s ,  5 f i g u r e s  
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The mechanical p rope r t i e s  of K-Monel parent  metal  (0.063-inch th i ck )  
and i t s  weldments were determined a t  temperatures from ambient t o  -423OF. 
The t e n s i l e  p r o p e r t i e s  were not  a f fec ted  s i g n i f i c a n t l y  by r o l l i n g  
d i r e c t i o n .  The t e n s i l e  p rope r t i e s  of both parent  metal and i t s  weldments 
increased  cont inuously with a decrease i n  temperature.  The tests ind ica t ed  
t h a t  t he  a l l o y  has  good notched t e n s i l e  p r o p e r t i e s  i n  both the  annealed 
and hea t - t r ea t ed  condi t ions  over the temperature range of 80°F t o  -423OF. 
Weldments are compared i n  t h e  following d i f f e r e n t  p r a c t i c a l  h e a t - t r e a t e d  
condi t ions :  O f  annealed: as welded; age-hardened: as welded; and annealed, 
then welded, followed by age-hardening h e a t  t reatment .  The r e s u l t s  show 
t h a t  wi th  proper design appl ica t ion ,  K-Monel a l l o y  and i t s  weldments can 
be employed s a f e l y  f o r  space vehic le  systems exposed t o  temperatures from 
800F t o  -423OF. 

October 5, 1962 MECHANICAL PROPERTIES OF 2219-T87 IN-P&VE-M-62-9 
ALLOY PLATE AT ROOM AND 

CRYOGENIC TEMPERATURES 

W. R. Morgan 

Unclass i f ied ,  17 pages, 2 t a b l e s ,  6 f i g u r e s  

The mechanical p rope r t i e s  of 2219-T87 a l l o y  p l a t e  (2 inches th i ck )  
were determined a t  temperatures from ambient t o  -4230F. The u l t i m a t e  
t e n s i l e  and y i e l d  s t r e n g t h s  f o r  the t h r e e  d i r e c t i o n s  t e s t e d  ( long i tud ina l ,  
t r ansve r se ,  and diagonal) increased cont inuously as the  temperature 
decreased,  reaching a maximum a t  -423OF. The t r ansve r se  d i r e c t i o n  of t he  
a l l o y  p l a t e  had the  lowest e longat ion (expressed as percent  i n  a 2-inch 
gauge length)  of t he  th ree  d i r ec t ions  t e s t e d  and remained almost cons tan t  
over t he  temperature spectrum of 80°F t o  -4230F. The notched/unnotched 
t e n s i l e  r a t i o  decreased with a decrease i n  temperature.  
p r o p e r t i e s  throughout t h e  thickness  of t he  p l a t e  were compared t o  the  
s u r f a c e  p r o p e r t i e s .  

The t e n s i l e  

October 19, 1962 LOW TEMPERATURE MECHANICAL PROPEZCIES IN-P&VE-M-62-10 
OF MAGNESIUM-LITHIUM ALLOYS LA 91 

AND LA 141 

0. Y. Reece 

Unclass i f ied ,  30 pages, 8 t a b l e s ,  10 f i g u r e s  

Low temperature mechanical p rope r t i e s  of magnesium-lithium a l l o y s  
LA 141 and LA 91 were determined i n  t h e  temperature range of 75'F t o  
-423OF. 
p s i  at room temperature t o  42,900 p s i  a t  -423'F, and u l t ima te  t e n s i l e  

U l t i m a t e  t e n s i l e  s t rength  of a l l o y  LA 141 increased from 19,700 
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s t r e n g t h  of a l loy  LA 91 increased  from 23,000 p s i  t o  45,900 p s i  a t  the  
same respec t ive  temperatures.  
a l l  temperatures. 

Both a l l o y s  r e t a ined  good d u c t i l i t y  at 

Ultimate s t r eng ths  of t r ansve r se  weldments of both a l l o y s  were 
s l i g h t l y  lower than those of the  parent  metal  a t  very low temperatures.  

LA 91 appeared t o  be somewhat notch s e n s i t i v e  a t  very  l o w  tempera- 
t u r e s ;  however, t he  notched t e n s i l e  s t r e n g t h  exceeded the  y i e l d  s t r e n g t h  
a t  a l l  temperatures except -423OF. 

Both a l loys  appear t o  be s a t i s f a c t o r y  f o r  ambient and low temperature 
s t r u c t u r a l  appl ica t ions  where low t o  moderate s t r e s s  l e v e l s  are t o  be 
encountered. 

October 25, 1962 SHORT-TIME, ELEVATED TENPEXATURE IN-P&VE-M-62-11 
MECHANICAL PROPERTIES OF 5456-H343 

ALUMINUM ALLOY 

J. W. Montan0 and W. B. McPherson 

Unelereified, 26 pages, 3 t a b l e s ,  11 f i g u r e s  

'phe mechanical p rope r t i e s  of 5456-H343 aluminum were determined 
af te r  roak times from 0 t o  300 seconds, a t  temperatures from ambient to 
6080F. The t e n s i l e  s t r eng th  of  t he  5456 aluminum decreased wi th  
inereaa ing  temperature. I n  genera l ,  t he  t e n s i l e  p rope r t i e s  were not  
e i g n i f i c a n t l y  inf luenced by v a r i a t i o n s  i n  soak times (within the  limits 
of the program) up t o  500°F. 
affected t he  s t r eng th .  This ma te r i a l ,  t he re fo re ,  seems t o  be  s t a b l e ,  
microa t ruc tura l ly ,  only t o  500°F under the  t e s t i n g  condi t ions  employed. 
The s t r eng th  d e t e r i o r a t i o n  a t  300°F, however, would p r o h i b i t  load-bearing 
app l i ca t ions  much above 300°F. 

At 600°F, v a r i a t i o n s  i n  soak time not iceably  

November 28, 1962 STUDY OF SELECTED FACTORS 
INFZUENCING THk P E R F Q W C E  

OF I N " A L  DESTRUCT SYSTEMS 
USING PRIMACORD 

IN- P&VE -M-6 2 -1 2 

J. B. Gayle 

Unclassified, 36 pages, 23 f i g u r e s  

Selected factors in f luenc ing  the performance of internal & $ t r u s t  
systems using Primacord as t he  explosive cosnponent baue h e n  i nves t iga t ed .  
XR particular,  the effects of p r o p e l l a n t s  -2 @ a c i d e n t a l l y  
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coming i n t o  contac t  with t h e  Primacord, and of the  low temperature 
environment were inves t iga ted .  The r e s u l t s  f a i l e d  t o  i n d i c a t e  any 
d e l e t e r i o u s  e f f e c t s  except i n  t h e  case of LOX coming i n t o  contac t  with 
t h e  polyethylene outer  sheath of Primacord. 
i s  no t  q u a l i f i e d  f o r  LOX se rv ice ,  added p ro tec t ion ,  possibly i n  the  form 
of a supplementary ou te r  sheath of Teflon, i s  ind ica ted  for  any Primacord 
app l i ca t ion  wherein contac t  with LOX is  considered probable. 

Inasmuch as polyethylene 

November 28, 1962 FREEZING OF LIQUIDS ON SUSDFN I N  -P&VE -M- 6 2 - 13 
EXPOSURE TO VACUUM 

J. B. Gayle and C. T. Egger 

Unclass i f ied ,  24 pages, 2 t a b l e s ,  5 f i g u r e s  

An a n a l y t i c a l  study i s  presented of evaporat ive cooling and 
f r eez ing  of  l i q u i d s  exposed t o  high vacuum. 
of t h e  mechanism of the  process r e su l t ed  i n  a complex mathematical model. 
Therefore,  i t  w a s  necessary t o  make a number of s implifying assumptions 
t o  e s t a b l i s h  ma te r i a l  and energy balances which were used, along with 
k i n e t i c  theory of gases ,  as a bas is  f o r  c a l c u l a t i o n s .  

Preliminary cons idera t ion  

Resul t s  given f o r  s eve ra l  cryogens and water i n d i c a t e  the e f f e c t s  
of i n i t i a l  temperature,  drop diameter, and ambient pressure on t h e  t i m e  
requi red  f o r  cool ing  t o  the  t r i p l e  po in t  and subsequent f reezing.  

December 19, 1962 THE EFFECTS OF ROLL-REDUCTION AND IN-P&VE-M-62-14 
STRETCHING ON THE MECHANICAL 

PROPERTIES OF ALUMINUM ALLOY 2219 

c. v. Lovoy 

Unclass i f ied ,  24 pages, 7 t a b l e s ,  6 f i g u r e s  

The e f f e c t s  of deformation, by ro l l - r educ t ion  and s t r e t c h i n g ,  upon 
the  mechanical p rope r t i e s  of aluminum a l l o y  2219 shee t  and p l a t e  were 
determined. Three ma te r i a l  thicknesses ,  0.090 inch,  0.250 inch,  and 0.750 
inch were inves t iga ted .  Each thickness  was subjected t o  cold working by 
ro l l - r educ t ion  and by s t r e t c h i n g ,  and t e s t e d  p r i o r  t o  aging and a f t e r  
aging. 
r e spec t  t o  material thickness .  

No apprec iab le  mechanical property d i f f e rences  were noted with 

Tens i l e  tests on r o l l e d  and s t r e t ched  2219-T42 revealed an apprec iab le  
inc rease  i n  u l t ima te  t e n s i l e  and y i e ld  s t r eng ths  with increas ing  cold work 
between 1 percent  and 15 percent .  
i nc reas ing  cold work. 

However, t h e  elongat ion decreased with 
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A r t i f i c i a l  aging, upon completion of a cold-working opera t ion ,  l e d  
t o  even higher  s t r e n g t h  l e v e l s .  However, t he  optimum mechanical proper- 
t ies  of each cold-working method were r e a l i z e d  at 10 percent  ro l l - r educ t ion  
and a 2-1/2 percent  s t r e t c h  opera t ion .  Addi t iona l  ro l l - r educ t ion  of t h e  
-T42 temper beyond 10 percent  o r  s t r e t c h  opera t ion  g r e a t e r  than 2-1/2 
percent ,  p r io r  to  aging, r e s u l t e d  only i n  a gradual  loss of d u c t i l i t y  
with a neg l ig ib l e  change i n  u l t ima te  t e n s i l e  and y i e l d  s t r eng ths .  
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